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PURPOSE 

CONCLUSIONS 

1,. The modified hydra-alic actuating mechanism (Figme 1) Will o p  
e ra t e  satisfactorFZy provided suf f ic ien t  pressme head i s  supplied t o  
t he  mechanism. Ths required minimum presswe head IJH," in fee t  of water, 
i s  &ven by the equation: 

E = 0.0468 Q~ +3.09 

where l t Q ' l  i s  t h e  valve discharge in cubic f e e t  per second (Figure 3). 

2. When the source of the  actuating Fp.essUre i s  from the o u t l e t  
conduit, tile minimum t o t a l  head a t  which the actuating mechanism will 
function properly depends upon the prssura hesd in the conduit, which 
in turn  depends upon the conduit size. The following t ab l e  shows the 
minimum t o t a l  head a t  which the  hydraulic mechanism w i l l  function prop 
erly f o r  wr ious  sizes of  conduit leading to the  valve. The table  re- 
f l e c t s  the condition f o r  the  fully open valve. 



Source of the Minbum operable 
ac tuatin F supplxr t o t a l  head 

S e s e m i r  ll fee t  
18-inch conduit 20 fee t  
16-inch conduit 34 f e e t  
U-inch conduit 62 fee t  
=-inch conduit W i l l  not operate because of 

insuff icient  pressure head 

3. When there is suff icient  actuating pressure head supplied t o  the 
mechanism, the needlo w i l l  move smoothly in ei ther  direction, requiring 
s l i g h t  torque on the operating handwheel. A s  the needle nears the closed 
position, the handwheel must be turned slowly t o  prevent the valve "slam- 
mingff shut, resul t ing in severe water hammer. 

4. When the  valve opening is  being changed and the operating hand- 
wheel i s  stopped, the needle w i l l  coni;inue t o  mve  about one-fourth inch 
before the actuating valve is positioned t o  equalize the pressure on the 
diaphragm and prevent further movement of the needle. 

5. For various t o t a l  heads i n  ~ h e  actuating s u p p u  l ine  the  l e a k a g ~  
through the mechanism w i l l  be as shown by the c m e  on Figure 5, 

6 .  The jet produced by the  valve is smooth and steady for  a l l  open- 
ings larger than about 10 percent; a t  m a l i e r  openings, the jot tends t o  
ravel  and spread out causing considerable spray. 

.- 
7. The discharge coefficient "Cdl' in the equation, Q = Cd AV2gh 

i s  0.62 for the  fully open valve. A chart has been prepared from which 
the discharge coefficient and the  discharge fo r  any percentage of valve 
opening may be obtained ( ~ i g u r e  7). 

INTRODUCTION 

A study of the requirwmts for  an awdliar;r  out let  con%rol valve 
a t  Granby Dam indicated tha t  a 13--*~nch in ternal  d i f ferent ia l  needle 
valve i n  storage at Hoovsr Dam could be u t i l ized  provided certain ~ninor 
alte2ation3 were made. The valve was 1 of those Lrttended t o  control the 
f l o ~ % ~  through the  12-inch bypasses around the 16G-inch b u t t e r f u  valves 
in t h e  power penstocks a t  Hoover Dam. These valves had been removed when 
they f a i l e d  to operate sa t i s fac tor i ly  and the source of the trouble was 
not apparent. 

A study of the de ta i l s  and history of the needle valves by menibers 
of the  Mechanical, Division disclosed tha t  the o p r a t i n g  d i f f i cu l t i e s  
might have resulted from the amangement of water passages i n  the actuat- 
ing mechmism and leakage between pressure chambers within the  valve. 
They recommended that  one of the valves be altered and placed in tho Hy- 
drzulic Laboratmry for t e s t s  t o  deternine it sat isfactory operation could 



recomcnded (Figure 1 ) .  Tests were made t o  study the e f f e c t o f  t he  mod- 
i f i ca t ions  rind t o  obtain data from which discharge capacity and other 
valve character is t ics  could be determined. 

THE STUDY 

Laboratory Ins t a l l a t i on  

The modified 12-inch needle valve was in s t a l l ed  t o  operate under f r ee  
discharge. A 20-foot, length of 12-inch pipe was placsd upstream t o  assure 
uniform flow a t  the valve. It was in s t a l l ed  so t h a t  water could be sup- 
pl ied by any o r  all of the laboratory pumps, and the discharge could be 
measured by a venturi  meter. The head t o  actut&te the  valve needle was 
or ig ina l ly  supplied through a 1-inch pipe tapped in to  the  12-inch line 1 
foot  upstream from the  valve; l a t e r ,  when the  head a t  t h i s  point proved 
too small t o  operate the  valve hydraulically, an auxi l iary supply l i n e  
was connected through a pressure r e a a t i n g  valve t o  the city water main. 

Two piezometers, 1 in the 1-inch actuat ing supply l i n e  near t he  en- 
t rance port, and the  other  i n  the  =-inch conduit 1 diameter upstream 
from the  valve, were used t o  measure the  respective pressure heads. A 
point gage, u t i l i z i n g  a th in  blade f o r  measurements thr0u.h t h e  je t ,  was 
mounted on the downstream face of the  valve (Figure 2) and cal ibrated 
against  the  movement of the  needle so t h a t  the  amount of valve opening 
could be measured at  any time without in te r rup t ing  the flow through the 
valve. 

Valve Operation 

Nlen the actuating supply w a s  drawn from the 12-inch conduit, and 
t h e  full capacity of the  laboratory pumps (about 20 cubic f e e t  per sec- 
ond) passed through the v&1-e, the hydraulic actaat ing mechanf sm oper- 
ated s a t i s f a c t o r i l y  only for  valve openings below 80 percent. For t o t a l  
heads on the valve of  l e s s  than 4 fee t ,  t he  actuating mechanism would not 
vnve +.he needle from any position. The valve could be opened and closed 
manuXIJy however, by applying a la rge  torque t o  the operating handwheel. 

With the actuating suppl j  taken from the c i t y  tmter main, t e s t s  
were continued t o  find the minimum pressure head necessary to s t a r t  the  
valve closing from the 100-percent open posit ion since a pressure head 
su f f i c i en t ly  l a rge  t o  s t a r t  the  valve closing from t h i s  position would 
be sa t i s fac tory  f o r  the f u l l  range of valve openings. Computations and 
charts pertaining t o  the  operating mechanism r e f l e c t  the conditions with 
the valve fully opened. 

Determination of the  M i n i m u m  Actuatinn Head 

The t e s t  procedure t o  detemine the minimum actuating pressure head 
necessary t o  s t a r t  closing of the valve consisted of:  

3 



open valve ,- 

2. Decreasing the actuating pressure head u n t i l  it was too 
small t o  move the needle hydraulically 

3.  Turning the actuating handwheel toward "close" 
4. Increasing the actuating pressure head u n t i l  the needle 

jus t  s t a r t ed  t o  move 
5. Recording the actuating ,pressure head in. the 1-inch l i n e  

The min imum pressure head in the  actuating supply l i n e  t o  operate the 
valve hydraulically was determined by the above procedure f o r  each of 
several  discharges up t o  15,6 cubic f e e t  per second. 

1 

@1f the valve i s  t o  operaie hydraulically, the force against  the  nee- 
d le  in the pressure chamber ( ~ i g u r e  3) must be great  enough t o  overcome 
both the  force I1F" on the needle due t o  the  palve discharge and the  f r i c -  
t ion  between the  needle and the tube. The pressure a t  any point on the  
exposed surface of the needle which produces the  force "Fit var ies  as the 
square of the veloci ty  past t h a t  point, and the veloci ty  var ies  d i r ec t ly  
as the discharge; therefore, t h e  t o t a l  force against  t he  nose of t he  nee- 
dle  varies as the  square (3f the discharge through the valve. 

The force against  the  needle in the  pressure chamber varies d i r ec t ly  
as  the  actuating pressure head; therefore, the actuating pressure head 
necessary t o  close the  valve agzSlst the  force caused by the  v a v e  dis- 
charge must vary as the  square of t h i s  discharge. The f r i c t i o n  between 
the moving needle and i t s  housing must be overcome by-an addit ional head. 

It follows tha t  the  terms of an equation of the form: 

H = B Q ~ + D  

which could enable determination of the required actuating pressure head, 
could be evaluated from the experimental data where: 

H = Pressure head, f e e t  of water, in the  actuating supply line 
B = A constant 
C! = Valve discharge, cubic f ee t  pei* second 
D = Pressure head, f e e t  of water, necessary t o  overcome the  

f r i c t i o n  of the  valve 

Using t'ne experimental data, a chart  was made p lo t t ing  the actuat ing 
pressure head versus t he  square of the valve discharge ( ~ i g u r e  3).  The 
slope of the resul tant  l i n e  i s  the  constant "Btt and the  intercept  of 
the plotted l i n e  vdth the  zero discharge ordinate i s  the  value I'D." 

Subst i tut ing these constants i n t o  the equation, the minimum actuatjng 
pressure head (ti) t o  operate the valve hydraulically from the fully open 
position fo r  any discharge (Q) is: 

a 



1. The t o t a l  head immediahely upstream from the valve 
2. The minimum actuating pressure head t o  operate the valve 

hydraulically (determined by using the above equation) 
3. The pressure head fo r  a 12-inch, l.4-inch, and 18-inch 

diameter conduit section upstream from the valve 

Actuating Mechanism Leakane 

Leakage through the actuating mechanism was measured volumetrically 
f o r  pressure heads in the 1-inch l i n e  from 1.5 t o  29.0 f ee t ,  Tests were 

* made with the valve f u l l y  open, with and without flow through the valve; 
and the valve closed, with and without pressure on the upstream side of 
the  valve. Assuming t h a t  the  leakage through the actuating mechanism 
varied a s  the  square root  of the t o t a l  head, a value "Kt' was"detex7nined 

f o r  each t e s t  run where K = leakape A plot  of these values indicated c 
t h a t  l1Kl1 became constant (aboutr 0.0052) f o r  t o t a l  heads above 18 feet .  
Using .thi.s value of "K,It a p lot  of leakage against  t o t a l  head was made 
fo r  the  actuating supply leakage up t o  a head of 185 f e a t  ( ~ i p e  5). 
It was found that ,  f o r  the  sarm actuating pressure head, the actuating 
supply leakage was somexihat snaUer  when the needle was in the closed 
position than when it was wide open, and tha t  the  amount of head o r  f101.r 
i n  the  conduit made l i t t l e  difference in t h i s  leakage. 

Valve Capacity 

Data necessaq  t o  compute the  discharge coeff ic ients  of the valve 
consistec? of the pressure head a t  the valve, the discharge, and the  amount 
of valve opening. These data were obtained fo r  5 valve openings and f o r  
disch=ges which ranged from the  smallest a t  which the valve would flaw 
f u l l  t o  the  maximum output of the  laboratorjr pumps. Discharge coeffici-  
ents fo r  the valve were computed fo r  various valve openings by using the  
formula, 9 = Cd A 

Q = Discharge, cubic f e e t  per sezond 
Cd= Discharge coeff ic ient  
A = Area of t h s  12-inch pipe, square f e e t  
h = Tats1 head a t  the vaPsre, f ee t  of water, (pressure head + 

veloci ty  head) 

VJ;Jithin the range of the l a b o r a t o q  pumps the coeff ic ients  were nearly 
constant fo; any 1 valve opening ( ~ i p e  6). Since Cd was constant for  
a l l  p rac t ica l  purposes, a curve of Cd versus valve opening was plot ted 
t ~ h i c h  bras used in preparing a discharge chart  covsring the e n t i r e  range 
of reservoir  elevations a t  Granby Dam ( ~ i ~ u r e  7). 

9 

Tests were not made concerning pressures v.rithin the discharge pas- 
sages of the valve; however, the t-alve's blunt downstream needle t i p  
might be dvxaged by cavitation i f  the valve releases water f o r  long pe- 
r iods  a t  p a r t i a l  openin,~s and under high heads. 



SCtiEDULE O F  WORK TO BE DONE I 

Round corners.--- - 

'. 
Rrmoue ports V ond 1~-4 ' l ~ & l l l - i ~ - d e e ~  

Id N P I  

Remove stock rnovn by.--' 
shoded oreos (usa old 
ssots J 

j ]  : 
f ~ k .  : 

: ; 
L. d'A 

18. 

13 
20 
2 1. 
PP. 

Cldoronre port 1 t o  2 should be 008" to  OIP" 
Cle<sraace port 2 t o  B should be ,004' t o  006' 
Ckoroqce port ,! t c  Q should be ,003' t o  008" 
Cl(~oronce pnrt d t o  U! should be .OOL'" t o  ,004' 
Cl6 o:rmce port 2 l o  A! o t  3fi'dlo should be 001" to 003' 
Clrorrince oarf i t o  &I a t  2 f r d l o  should be .W2'to 004' 
Cl?orance port 1 t o  4 should be .004'to .007' 
Cleoronce port L t o  2 ~hould be ,003" t o  .WC" 
Rebeve por t  L - 6 on p#'dio, reom as shown 
Rekpvc prrrt 1Q - 6 on ? f ' d ~ o ,  turn as shown 
R?aovt * 'dl0 end frcm po r t  4 ond drill g'hole 2( deep and 

dri l l  2-)'holes thru ecch spoct between pinion teefn 
Rtmovc key from par* 1 und L ond toper pin, por t  1 t o  1. 
Ronde bross spocer I ~ ' ~ I ? .  0 x t ' l0 .xf  thick. 
Remorr o f  i {dlo or ts  top & for ond 1 ~ .  A'. cnd drill ond fop for l i 'pqe in pbce 

Pltrp upper $hole m pt i r t  2. m ronrc monner os shown for  
bot  +om f*  hoie 

Or111 ~ " n o l e  thru por t  2.. o r  shown, t o  open upstreom chomba 
lo 11 drain. 

Reshop,* rock teeth by hond f111cp ,n por t  li? t o  ovoid tooth 
interference with pn i r~a 4 . 

Alter c a r t  P as shorn. 
Monu facturo po r t  A. o.r shown on 246-0- 4343, 
Mod~ff por t  f. os shortn. 
Rcmovr o k  rolves ondprovide P-faplpe plugs 
f?-ovido f'pipe plug. 

REFERENCE DRAl+'lPJGS 
IP'INrERNAL DIFFERENTIAL NEEOLE VALVE-ASSe U.. 45-0-2648 
IZ'NEEOLC VALVE-DETAILS ......-.-.-,.--...-.. P45-0-S5*S 

U N I T I D  ST4r .S  
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~ D I E A U  or  n e e L r w a r . o u  
COLORAOO 4910 rr(0YPSON PROJECT-OOLO. 

GRANBY DAM 
OUTLET WBRKS 

IP'NEEOLE VALVE REPAIR 



12-Inch Internal Differential  Noedle Valve Operating P m t i a l l j  
Opened Under a Heed of About 6'3 Feet. 

Key t o  numbers: 
1. w e  for  determining the position of the needle 

wlthout interrupting the flow. 
2. Operating hand wheel, 
3 .  Piezaaneter opening ?.n 12-inch pipe. 

COIORADO -BIG THOMPSOB PROm2- -COZX,RADO 
GRAmY 3% alTlxr WORKS 

12--zvCH IvEEmE VALVE 



'-Actuating supply 

ACTUATING P R E S S U R E  

Slope of line =0.0468 
*HI' intercept = 3.09 
Equation of line: 
"~':0.0468 GI2+ 3.09 

GRAMBY DAM-OUTLET WQRKS 
12" NEEDLE VALVE 

Q* ( Q :  VALVE DISCHARGE c .  f . s . 1  I 



I VALVE DISCHARGE, c. f .  s. 








